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ZLWK
H[SRQHQWLQKHULWHGIURPWKHVRXUFHFHOODQGORFDOJUDGLHQWZLWKH[SRQHQW7KHVH
H[SRQHQWVSURYLGHDJRRGDSSUR[LPDWLRQWRWKH'DUF\:HLVEDFKHTXDWLRQIRUGHSWKVRIWKH
RUGHURIWKHURXJKQHVVHOHPHQWV7KHRYHUODQGIORZFRQVWDQWVLVWKHQDQLQYHUVH
URXJKQHVVDQGKDVEHHQFKRVHQWRJLYHDYHORFLW\RIFPVHFIRUDPPGHSWKRQD
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JUDGLHQWDYDOXHWKDWLVFRQVLVWHQWZLWKSUHYLRXVPHDVXUHPHQWV(PPHWW+ROGHQHWDO
DOWKRXJKORZHUDQGKLJKHUYDOXHVVKDYHEHHQXVHGIRUFRPSDULVRQ7KH
HVWLPDWHGYHORFLW\LVLQWHUSUHWHGDVWKHPHDQQXPEHURIFHOOVWUDYHUVHGLQRQHWLPHVWHSݔҧǤ
$VVXPLQJDQH[SRQHQWLDOGLVWULEXWLRQWKHSUREDELOLW\WKDWWKHSDUFHOZLOOUHPDLQLQWKH
FXUUHQWFHOODWWKHHQGRIWKHFXUUHQWWLPHVWHSLVWKHQ	? ሺ	 ? ൅ ݔҧሻ	? DQGWKLVRXWFRPHLVGHFLGHG
E\FRPSDULVRQZLWKDUDQGRPQXPEHULQWKHUDQJH>@,IWKHSDUFHOGRHVQRWVWRSWKHQD
QHZRQZDUGIORZGLUHFWLRQLVFKRVHQWKHRULJLQDOUXQRIIGHSWKUHWDLQHGWKHJUDGLHQWUHYLVHG
IRUWKHQHZVWHSLQWKHIORZSDWKDQGWKLVSURFHVVLVUHSHDWHGXQWLOHDFKRIWKHSDUFHOV
FRPHVWRUHVW(DFKRIWKHGHVWLQDWLRQFHOOVVRPHUHSHDWHGO\WKHQUHFHLYHVRIWKHUXQRII
OHDYLQJWKHVRXUFHFHOODQGWKLVUXQRIIZLOOEHSDVVHGWRWKHGHVWLQDWLRQFHOOVWRJHWKHUZLWK
UXQRIIIURPRWKHUXSIORZVRXUFHFHOOVIRUWKHQH[WWLPHLQWHUYDO

5XQRIIKDVEHHQVLPXODWHGLQUHVSRQVHWRVLPSOHEORFNVWRUPVWRWDOOLQJDQG
PPIDOOLQJDWFRQVWDQWLQWHQVLW\IRUSHULRGVRIWRPLQXWHV,QDOOFDVHVDXQLIRUP
SRWHQWLDOHYDSRWUDQVSLUDWLRQRIPPGD\KDVEHHQDSSOLHGDQGWKLVSRWHQWLDOUDWHKDVEHHQ
H[WUDFWHGIURPWKHVWRUDJHSRQO\ZKHQWKHUHLVHQRXJKWRSURYLGHDVLPSOHHVWLPDWHRI
DFWXDOHYDSRWUDQVSLUDWLRQ

0RGHOEHKDYLRXU
7KHSDWWHUQVRIVLPXODWHGUXQRIIWKDWGHYHORSGXULQJWKHFRXUVHRIDVWRUPQRUPDOO\VKRZ
IRXUSKDVHVZKLFKDSSHDUWREURDGO\PDWFKILHOGREVHUYDWLRQV7KHVHDUHLOOXVWUDWHGLQ
UHODWLRQWRWKHRYHUDOOK\GURJUDSKIRUDYHU\LQWHQVHVWRUPPPLQPLQXWHV$IWHUD
EULHISHULRGGXULQJZKLFKDOOUDLQIDOOLQILOWUDWHVWKHILUVWSKDVHLVRQHGXULQJZKLFKSDWFK\
UXQRIIRFFXUVZKHUHLQILOWUDWLRQFDSDFLW\LVOHDVWDQGWKHUHLVOLWWOHREVHUYDEOHVWUXFWXUHRI
FRQQHFWLRQEHWZHHQSDWFKHVILJXUHDWKHSDWWHUQRIZKLFKODUJHO\UHIOHFWVKHWHURJHQHLW\RI
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LQILOWUDWLRQFDSDFLW\7KLVSKDVHODVWVORQJHUZKHQUDLQIDOOLQWHQVLWLHVDUHOHVV,QWKHVHFRQG
SKDVHDVUXQRIILQFUHDVHVSDWFKHVEHJLQWRFRQQHFWLQWRVWUHDNVRIIORZWKDWDUHEHVW
GHYHORSHGZKHUHGUDLQDJHDUHDLVJUHDWHVWDORQJSRWHQWLDOIORZOLQHVDQGZLWKYLVLEO\
LQFUHDVLQJUXQRIIGRZQVORSH7KLVLVVKRZQIRUWKHHQGRIWKHUDLQVWRUPLQILJXUHE,QWKH
WKLUGSKDVHFRQQHFWLRQVDUHZHOOHVWDEOLVKHGDQGFUHDWHDFOHDUO\VWUXFWXUHGIORZQHWZRUNWKDW
WDNHVDGYDQWDJHRIWKHDUHDVRIFRQYHUJHQFHDQGVKRZVDFRQVLVWHQWLQFUHDVHGRZQVORSH,Q
VPDOOVWRUPVWKHVHFRQGDQGWKLUGSKDVHVPD\QRWIXOO\GHYHORS,QWKHIRXUWKSKDVHDIWHU
UDLQIDOOKDVVWRSSHGUXQRIIFHDVHVLQDJURZLQJDUHDIURPWKHGLYLGHEXWVWUXFWXUDO
FRQQHFWLRQVFRQWLQXHVWRGHYHORSLQWKHVKULQNLQJDUHDRIDFWLYHUXQRIIGRZQVORSHILJXUHVF
DQGG

7KHIRUPRIWKHRXWSXWK\GURJUDSKLVFRQWUROOHGE\WKHEDODQFHEHWZHHQVWRUPUDLQIDOO
LQILOWUDWLRQUDWHDQGRYHUODQGIORZYHORFLWLHV)LJXUHDLOOXVWUDWHVDYHUDJHVORSHEDVHUXQRII
IURPUDLQIDOODWPPKUIRUSHULRGVRIPLQXWHVVKRZLQJWKHEXLOGXSDQGGHFD\RI
RYHUODQGIORZRYHUWLPH5XQRIIFRPPHQFHVVKRUWO\DIWHUWKHEHJLQQLQJRIUDLQIDOODQG
LQFUHDVHVZKLOHWKHUDLQFRQWLQXHVLQLWLDOO\DWDQLQFUHDVLQJUDWHEXWHYHQWXDOO\UHDFKLQJD
VWHDG\VWDWHSODWHDXYDOXHEH\RQGWKHVFRSHVKRZQLQWKHILJXUH2QFHUDLQVWRSVIORZ
IROORZVFRPSDUDEOHUHFHVVLRQFXUYHVXQWLODOOWKHUHPDLQLQJZDWHULVLQILOWUDWHGRUHYDSRUDWHG
)LJXUHEVKRZVWKHFRPSDUDEOHHYROXWLRQRIIORZGRZQVORSHGXULQJDVLQJOHPPVWRUP
,WFDQEHVHHQWKDWUXQRIILVWREHJLQZLWKSUHIHUHQWLDOO\JHQHUDWHGQHDUWKHWRSRIWKHVORSH
7KHXSVORSHVHFWLRQVJHQHUDWHWKHLUSHDNUXQRIIQHDUWKHHQGRIUDLQIDOOZKHUHDVWKHPDUJLQDO
DGGLWLRQDOFRQWULEXWLRQIURPVXFFHVVLYHGRZQVORSHVHFWLRQVSHDNVSURJUHVVLYHO\ODWHUDQG
ORZHUDVVRFLDWHGZLWKWKHIORZRIUXQRIIIURPXSVORSHDQGWKHFRQWLQXHGPDLQWHQDQFHRI
VWURQJO\FRQQHFWHGVWUXFWXUHDIWHUUDLQIDOOKDVFHDVHG

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)XUWKHULQVLJKWLQWRWKHEHKDYLRXURIWKHIORZLVVKRZQE\WUDFLQJUDLQIDOOIDOOLQJRQDVLQJOH
OLQHRIFHOOVQHDUWKHWRSRIWKHVORSH7KHZDWHUKDVEHHQWUDFHGLQWKHVLPXODWLRQE\
DVVXPLQJWKDWZLWKLQHDFKJULGFHOODQGWLPHVWHSWKHUHLVXQLIRUPPL[LQJRIRYHUODQGIORZ
DQGVHSDUDWHO\RILQILOWUDWHGZDWHUDVHDFKSDUWLWLRQIORZVGRZQVWUHDP$VWKHWUDFHUIORZV
GRZQWKHVORSHWKHRYHUODQGIORZJHQHUDWHGLQWKHVRXUFHFHOOLVSURJUHVVLYHO\ORVWWR
LQILOWUDWLRQDVLWWUDYHOVGRZQVORSHDVZHOODVEHLQJSURJUHVVLYHO\GHOD\HG$WWKLVKLJK
LQWHQVLW\PPRYHUPLQXWHVRQO\DPLQRULW\RIWKHWRWDOUDLQIDOOLVORVWWRLQILOWUDWLRQ
ZKHUHDVPRVWRIWKHWUDFHUZDWHULQILOWUDWHVFORVHWRZKHUHLWZDVDSSOLHGVRWKDWWKHUXQRII
FRHIILFLHQWIRUWKHWUDFHGZDWHUIURPWKHWRSRIWKHVORSHLVYHU\ORZ7UDFHUDSSOLHGIDUWKHU
GRZQWKHVORSHVKRZVSURJUHVVLYHO\KLJKHUUXQRIIFRHIILFLHQWV

:LWKLQWKHSORWVWKDWGRQRWKDYHDFOHDUGUDLQDJHVWUXFWXUHILJXUHVDDQGEWRWDOVLPXODWHG
VWRUPUXQRIIDWDQ\GLVWDQFHIURPWKHGLYLGHLVPRUHRUOHVVFRQVWDQWVRWKDWEDVDOGLVFKDUJH
IURPLQGLYLGXDOFHOOVFDQEHDSSUR[LPDWHGDVGLUHFWO\SURSRUWLRQDOWRDUHDDVLVVKRZQLQ
ILJXUHDZKLFKVKRZVDVOLJKWWUHQGIRUKLJKHUUXQRIIDWXSVORSHFURVVVHFWLRQV7KHILJXUH
LVGUDZQIRUDPPPLQXWHVWRUPRQWKHVPRRWKLVKVORSHILJXUHVDDQGG6LPLODU
UHVXOWVDQGVLPLODUWRWDOUXQRIILVREWDLQHGIRUWKHURXJKHUVORSHFRQILJXUDWLRQILJXUHVEDQG
H7KHYDOOH\HGVORSHILJXUHEEDVHGRQILJXUHVFDQGIKRZHYHUVKRZVDVOLJKWO\
VWURQJHUWKRXJKVWLOOUHODWLYHO\VPDOORYHUDOOWUHQGWRZDUGVORZHUUXQRIIIRUODUJHUGUDLQDJH
DUHDV,QDGGLWLRQJURXSVRISRLQWVFDQQRWUHDGLO\EHVHSDUDWHGDFFRUGLQJWRWKHLUGRZQVORSH
SRVLWLRQSDUWO\EHFDXVHWKHIRUPDWLRQRIYDOOH\VJLYHVDPXFKZLGHUUDQJHRIGUDLQDJHDUHDV
DWGRZQVORSHVLWHVHJIRU[ ZKLFKLVDWRIWRWDOVORSHOHQJWK,WWKHUHIRUHVHHPV
UHOHYDQWWRFRPSDUHVWRUPVSORWOHQJWKVDQGSORWJUDGLHQWVRQWKHEDVLVRIWRWDOVWRUPUXQRII
UHFRJQL]LQJWKDWWKLVJHQHUDOO\GLIIHUVE\OHVVWKDQDUDWLRWKURXJKRXWDQGLWLVFRQFOXGHG
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WKDWWKHSODQIRUPRIWKHVORSHKDVRQO\DVHFRQGDU\LPSDFWRQWKHWRWDOTXDQWLW\RIUXQRII
JHQHUDWHGLQDVWRUP

7KHVKDSHRIWKHRYHUODQGIORZK\GURJUDSKDQGWKHWRWDOYROXPHRIUXQRIIJHQHUDWHGIRUD
JLYHQVWRUPUDLQIDOOSURILOHGHSHQGRQWZRSURFHVVHVWKDWFRPSHWHWRUHPRYHWKHUDLQZDWHU
WKHUDWHRILQILOWUDWLRQDQGWKHYHORFLW\RIRYHUODQGIORZ7KHEDODQFHEHWZHHQWKHVHWZR
SURFHVVHVSURGXFHVWZRRSSRVLQJHIIHFWV)LUVWGXULQJDVWRUPRIDJLYHQVL]HLQFUHDVLQJ
RYHUODQGIORZYHORFLW\UHODWLYHWRLQILOWUDWLRQUHGXFHVWKHGHSWKRIVXUIDFHGHWHQWLRQEXW
KDVWHQVLWVUHPRYDOVRWKDWUXQRIILQFUHDVHVPRUHUDSLGO\ZKLOHLWLVUDLQLQJ6HFRQGRQFH
UDLQIDOOKDVVWRSSHGUDSLGRYHUODQGIORZFRQWLQXHVWRHYDFXDWHWKHVXUIDFHZDWHUDQG
GHSUHVVHVWKHWDLORIWKHK\GURJUDSK$WPRGHUDWHYHORFLWLHVWKHILUVWHIIHFWSUHGRPLQDWHV
DQGWRWDOUXQRIIYROXPHLQFUHDVHVZLWKRYHUODQGIORZYHORFLW\EXWDWYHU\KLJKYHORFLWLHVWKH
UDSLGK\GURJUDSKUHFHVVLRQEHJLQVWRUHGXFHWKHSHDNDQGWKHWRWDOUXQRIIYROXPH)LJXUH
LOOXVWUDWHVWKLVHIIHFWIRUDVPDOODQGDODUJHUVWRUP)RUWKHPPVWRUPDDQGFWKHILUVW
HIIHFWSUHGRPLQDWHVDOPRVWWKURXJKRXWZKHUHDVIRUWKHPPVWRUPEDQGGWKH
GHSUHVVLRQRIWKHK\GURJUDSKWDLOEHFRPHVGRPLQDQWIRUPRUHUDSLGIORZV&RPELQLQJ
ILJXUHVDDQGEWKHVHFRQGHIIHFWSUHGRPLQDWHVURXJKO\LQWKH]RQHIRUZKLFKWRWDO
UXQRII[RYHUODQGIORZSDUDPHWHU!DFRQVWDQWaPPVDQGWKLVFURVVRYHUSRLQW
LVPDLQWDLQHGIRUUXQVZLWKLQFUHDVHGRUUHGXFHGLQILOWUDWLRQUDWHV$WXSVORSHVORSHSRVLWLRQV
IORZGHSWKVDQGWKHUHIRUHRYHUODQGIORZYHORFLWLHVDUHOHVVWKDQGRZQVORSHVRWKDWUXQRII
EXLOGVXSPRUHUDSLGO\UHDFKLQJKLJKHUWRWDOVIRUDQ\JLYHQRYHUODQGIORZSDUDPHWHU$VZLOO
EHVHHQEHORZWKHEDODQFHEHWZHHQLQILOWUDWLRQDQGRYHUODQGIORZUDWHVDOVRLQIOXHQFHVWKH
ZD\LQZKLFKUXQRIIUHVSRQGVWRGLIIHUHQFHVLQVORSHJUDGLHQWGRZQWKHVORSHSURILOH

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)LJXUHVDDQGEDOVRVKRZWKHHIIHFWRIVORSHOHQJWKRQUXQRII%HORZWKHFURVVRYHU
SRLQWWKHUHLVDFOHDUGHFUHDVHLQUXQRIIZLWKLQFUHDVLQJVORSHOHQJWK$ERYHLWUXQRIILV
DSSURDFKLQJDVWDWHRIHTXLOLEULXPLQZKLFKPRVWUDLQIDOOUXQVRIIDQGWKHHIIHFWRIVORSH
OHQJWKLVPXFKOHVVPDUNHG

 
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$JJUHJDWHVWRUPUXQRII
&RPSDULQJVWRUPVRIGLIIHUHQWUDLQIDOOWRWDOVWKHILUVWRUGHUPRGHORIVWRUPUHVSRQVHVXJJHVWV
DFOHDUUXQRIIWKUHVKROGZLWKOLWWOHUXQRIIIRUVWRUPVEHORZWKHWKUHVKROGDQGDQDOPRVWOLQHDU
LQFUHDVHLQUXQRIIDERYHLWFRUUHVSRQGLQJWRDFRQVWDQWIUDFWLRQDV\PSWRWLFDOO\DSSURDFKLQJ
RIDGGLWLRQDOUDLQIDOO7KLVSDWWHUQLVUHSHDWHGZLWKPLQRUYDULDWLRQVDVVWRUPGXUDWLRQ
RUJUDGLHQWLVDOWHUHG)LJXUHDVKRZVWKLVRYHUDOOEHKDYLRXUIRUVLPSOHVWRUPVRI±
PPDQGRQJUDGLHQWRIIRUWKHVPRRWKLVKVXUIDFHILJXUHVDDQGG5XQRIILV
VKRZQKHUHIRUWKHEDVHRIWKHVORSHDQGIRUDFRQVWDQWRYHUODQGIORZSDUDPHWHU,WFDQEH
VHHQWKDWWKHUXQRIIWKUHVKROGLVRQO\VHFRQGDULO\VHQVLWLYHWRYDULDWLRQVDPRQJVWWKH
SDUDPHWHUVVKRZQ)RUSUDFWLFDOUXQRIIPRGHOOLQJZKHUHLQSXWVDQGSDUDPHWHUVDUHQRW
JHQHUDOO\DVZHOOFRQVWUDLQHGDVLQDVLPXODWLRQPRGHOWKLVVLPSOHWKUHVKROGPRGHOPD\EH
WKHEHVWWKDWFDQEHDFKLHYHGDQGKDVWKHDGYDQWDJHRIJUHDWHVWUHOLDELOLW\IRUWKHODUJHVWDQG
PRVWVLJQLILFDQWHYHQWV

+RZHYHUFORVHUH[DPLQDWLRQRIILJXUHDVKRZVDVLVWREHH[SHFWHGWKDWWKHUHLVDOZD\V
VRPHUXQRIIIURPSDWFKHVRIORZLQILOWUDWLRQDGMDFHQWWRWKHVORSHEDVHHYHQZLWKVPDOO
VWRUPVRIORZLQWHQVLW\DVVRFLDWHGZLWKWKHVSDWLDOYDULDELOLW\LQLQILOWUDWLRQUDWHV,WLV
WKHUHIRUHLQVWUXFWLYHWRORRNPRUHFORVHO\DWWKHIRUPRIWKHUHVSRQVHDURXQGWKHDSSDUHQW
WKUHVKROGVLQFHPDQ\QDWXUDOVWRUPVIDOOLQWKLVUHJLRQDQGWRFRPSDUHWKHVHQVLWLYLW\RIWKLV
HOERZUHJLRQWRWKHNH\GULYLQJYDULDEOHV,QILJXUHEWKHGDWDVKRZQLQILJXUHDDUHUH
SORWWHGDVUXQRIIFRHIILFLHQWVRQORJORJVFDOHV7KLVH[SDQGVWKHHOERZUHJLRQDQGWKH
VWUDLJKWOLQHVHJPHQWRIILJXUHDLVFRQYHUWHGLQWRWKHXSSHU]RQHZKHUHUXQRIIOHYHOVRII
WRZDUGVRIUDLQIDOO9HU\VLPLODUFXUYHVFDQEHJHQHUDWHGIRUUHVSRQVHVWRGLIIHUHQFHV
LQWKHRYHUODQGIORZSDUDPHWHURIVWDQGDUGYDOXHVDQGLQWKHLQILOWUDWLRQUDWH
RIVWDQGDUGYDOXHV,QDOOFDVHVWKHUHLVDQDOPRVWVWUDLJKWOLQHLQFUHDVHLQWKH
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ORJORJSORWDSSUR[LPDWLQJDSRZHUODZUHVSRQVHIRUWKHHOERZUHJLRQ7KHVORSHVRIWKHVH
OLQHVDUHVLPLODUVXJJHVWLQJWKDWWKHUXQRIIFRHIILFLHQWLVSURSRUWLRQDOWRVWRUPUXQRIIWRWKH
SRZHURI)RU]HURUDLQIDOOWKLVSRZHUODZUHODWLRQVKLSLVFRQVLVWHQWZLWKWKHSK\VLFDO
UHTXLUHPHQWRI]HURUXQRII

)LJXUHFVKRZVDWKLUGZD\RIVXPPDULVLQJWKHVDPHGDWDVHWIRUVWRUPVRIPLQXWH
GXUDWLRQSORWWLQJWRWDOHQGRIVWRUP,QILOWUDWLRQ 5DLQIDOO±5XQRII(YDSRUDWLRQDJDLQVW
WRWDOVWRUPUDLQIDOORQDULWKPHWLFVFDOHV)RUVPDOOVWRUPVWKHUHLVQHJOLJLEOHUXQRIIDQG
LQILOWUDWLRQHTXDOVUDLQIDOO)RUWKHODUJHVWVWRUPVWKHUHLVDQLQYHUVHUHODWLRQVKLSLQZKLFK
LQILOWUDWLRQEHKDYHVOLNHDQLQYHUVHSRZHU RIVWRUPUDLQIDOO7KLVUHGXFWLRQLVGXHWR
WKHSDUWLWLRQRIUDLQIDOOEHWZHHQLQILOWUDWLRQDQGRYHUODQGIORZ2QVWHHSHUJUDGLHQWVZLWK
FRQVHTXHQWO\LQFUHDVLQJRYHUODQGIORZYHORFLW\WKHWUDQVLWLRQWRWKLVGHFOLQHLQUHVSRQVH
RFFXUVVRRQHUDQGWKHPD[LPXPYROXPHLQILOWUDWHGGXULQJDVWRUPLVOHVV

$VLPSOHDOJHEUDLFH[SUHVVLRQKDVEHHQILWWHGWRWKHIRUPRIWKHVHUXQRIIDQGWRWDOLQILOWUDWLRQ
FXUYHV,WWDNHVWKHIRUPݎ ൌ ோଵାሺோబ ோ	 ? ሻయ 
 ܨ ൌ ܴ െ ݎ ൌ ܴ ቂ	 ? െ ଵଵାሺோబ ோ	 ? ሻయቃ ൌ  ோଵାሺோ ோబ	 ? ሻయ 
ZKHUHr LVWKHWRWDOVWRUPUXQRIILQPP, 
          FLVWKHWRWDOYROXPHRILQILOWUDWHGZDWHUGXULQJWKHVWRUP
          RLVWKHWRWDOVWRUPUDLQIDOOLQPP
DQGR0 LVDFRQVWDQWUDLQIDOOWKUHVKROGLQPP

(TXDWLRQEHKDYHVOLNHF=RIRUVPDOOYDOXHVRIR, ZLWKDOPRVWDOOUDLQIDOOLQILOWUDWLQJDQG
OLNHܨ ൌ ܴିଶܴ଴ଷ IRUODUJHYDOXHVRIR. ,JQRULQJWKHYHU\VPDOOHYDSRUDWLRQWKHUXQRII
.LUNE\±'RQRWRQO\&RQQHFW  3DJH
FRHIILFLHQWp=r/R EHKDYHVOLNH݌ ൌ ሺܴ ܴ଴	 ? ሻଷIRUVPDOO5FRUUHVSRQGLQJWRWKHDSSUR[LPDWH
SRZHUODZUHODWLRQVKLSDSSDUHQWLQILJXUHE$WODUJHUDLQIDOOVHTXDWLRQDSSURDFKHV
p DV\PSWRWLFDOO\VRWKDWHTXDWLRQVDQGEHKDYHDSSURSULDWHO\IRUERWKVPDOODQG
ODUJHYDOXHVRIVWRUPUDLQIDOO7KLVSRZHUODZEHKDYLRXUIRUVPDOOUDLQIDOOVLVLQWHUSUHWHGDVD
UHVSRQVHWRWKHVSDWLDOYDULDELOLW\LQLQILOWUDWLRQUDWHVZLWKVPDOODPRXQWVRIUXQRIIJHQHUDWHG
IURPORZLQILOWUDWLRQDUHDVFORVHWRWKHORZHUERXQGDU\

7KHPD[LPXPVHHQLQILJXUHFFDQEHREWDLQHGIURPHTXDWLRQE\GLIIHUHQWLDWLRQJLYLQJ
WKHPD[LPXPDWܴ௠௔௫ ൌ ܴ଴Ǥ 	 ?ି ଵȀଷWDNLQJWKHYDOXH 
 ܨ௠௔௫ ൌ 	? 	?ൗ ܴ௠௔௫ 
7KHORFXVRIPD[LPDWKHUHIRUHOLHVRQDVWUDLJKWOLQHWKURXJKWKHRULJLQ

)LJXUHDVKRZVFXUYHVFRPSDUDEOHWRILJXUHFIRUYDULDWLRQVLQLQILOWUDWLRQUDWHILJXUH
EIRUYDULDWLRQVLQWKHRYHUODQGIORZYHORFLW\SDUDPHWHUDQGILJXUHDIRUYDULDWLRQVLQ
VWRUPGXUDWLRQ7KHHIIHFWRIWKHVHWKUHHYDULDEOHVFDQEHDGHTXDWHO\ILWWHGWRHTXDWLRQ
ZLWKWKHVLQJOHSDUDPHWHUR0 
7DEOHVKRZVWKHDSSUR[LPDWHYDOXHVRIWKHR0SDUDPHWHUDVRQHYDULDEOHDWDWLPHLVDOWHUHG
8VLQJWKHVHSDUDPHWHUYDOXHVWKHGDWDSRLQWVVKRZQLQILJXUHVDDQGEWRJHWKHUZLWK
GDWDIRUVWRUPGXUDWLRQKDYHEHHQUHSORWWHGFRPSDULQJWKHYDOXHVRIWKHDOJHEUDLF
H[SUHVVLRQHTXDWLRQZLWKWKHYDOXHVREWDLQHGIURPWKHGHWDLOHGVLPXODWLRQVDQGVKRZLQJ
PRGHUDWHO\JRRGRYHUDOODJUHHPHQW7KHGDWDYDOXHVVKRZQLQILJXUHVDEDQGDDUH
FRPSDUHGLQILJXUHFZLWKWKHDOJHEUDLFIRUPXVLQJWKHSDUDPHWHUYDOXHVRIWDEOH
VKRZLQJDJRRGOHYHORIRYHUDOODJUHHPHQW,QWHUSUHWLQJWKHVHUHODWLRQVKLSVLQZKLFK
YDULDEOHVKDYHEHHQPRGLILHGLQGHSHQGHQWO\RQHDWDWLPHWKHSDUDPHWHUR0FDQEHVHHQDVD
PHDVXUHRIERWKWKHVORSHJUDGLHQWDQGWKHVWRUPGXUDWLRQR0FDQWKHQDOVREHVKRZQWR
.LUNE\±'RQRWRQO\&RQQHFW  3DJH
LQFUHDVHDVPLJKWEHH[SHFWHGZLWKLQFUHDVHVLQLQILOWUDWLRQFDSDFLW\DQGZLWKGHFUHDVHVLQ
WKHRYHUODQGIORZSDUDPHWHU,QFRQVLGHULQJWKHEDODQFHEHWZHHQLQILOWUDWLRQDQGRYHUODQG
IORZSURFHVVHVLQILOWUDWLRQUDWHDQGVWRUPGXUDWLRQSURPRWHWKHIRUPHUDQGJUDGLHQWDQG
RYHUODQGIORZSDUDPHWHUSURPRWHWKHODWWHU7KHGHSHQGHQFHRIWKHR0SDUDPHWHURQJUDGLHQW
DQGVWRUPGXUDWLRQFDQEHREWDLQHGIURPUHJUHVVLRQDV
ܴ଴ ൌ 	?	?Ǥ	? െ 	?	?Ǥ	?݈݋݃ଵ଴ܩ ൅ 	?Ǥ	?	?ܶǡ     
ZKHUHGLVWDQJHQWJUDGLHQWDQGTLVVWRUPGXUDWLRQLQPLQXWHVZLWKr2 


&RQQHFWLYLW\VWUXFWXUH
9HU\OLWWOHRIWKHUDLQZDWHURULJLQDOO\IDOOLQJQHDUWKHWRSRIWKHVORSHDFWXDOO\UHDFKHVWKH
VORSHEDVHEHIRUHEHLQJORVWWRLQILOWUDWLRQRUHYDSRWUDQVSLUDWLRQVRWKDWFRQQHFWLYLW\EHWZHHQ
WKLVUDLQIDOOVLWHDQGWKHVORSHEDVHLVYHU\ZHDN$SSOLFDWLRQRIWUDFHULQUDLQIDOODSSOLHG
VXFFHVVLYHO\IDUWKHUGRZQVORSHVKRZVWKDWSURJUHVVLYHO\OHVVRIWKHWUDFHGUDLQIDOOLVORVW
7KHPRVWQDWXUDOVWRFKDVWLFPRGHOLVSHUKDSVWRDVVXPHDQH[SRQHQWLDOGHFOLQHVRWKDW
PRYHPHQWIURPWKHVRXUFHDSSUR[LPDWHO\IROORZVD3RLVVRQSURFHVVLQZKLFKWKHSUREDELOLW\
RILQILOWUDWLRQIRUVXUYLYLQJUXQRIILVFRQVWDQWSHUXQLWGLVWDQFH$EHWWHUWKRXJKIDUIURP
SHUIHFWILWWRWKHVLPXODWLRQGDWDLVKRZHYHUSURYLGHGE\WKHUHODWLRQVKLS
 3ሺݔሻ ൌ 	 ? ൫	 ? ൅ݔ ܺൗ ൯ଶ	?   
 ZKHUHxLVGLVWDQFHGRZQVORSHIURPWKHLQMHFWLRQSRLQW
 3 (x)LVWKHSUREDELOLW\WKDWZDWHUZLOOJRIDUWKHUWKDQx, 
 DVVXPLQJUXQRIIFRHIILFLHQWIRUWKHVRXUFHFHOO, 
 DQGXLVWKHVFDOHGLVWDQFHDVVRFLDWHGZLWKWKHSUREDELOLW\[;DVWKH
PDUJLQDOSUREDELOLW\RILQILOWUDWLRQORVVSHUXQLWGLVWDQFHIRUWKHZDWHUWKDWKDVQRW\HW
LQILOWUDWHG
.LUNE\±'RQRWRQO\&RQQHFW  3DJH

6XPPLQJRYHUUDLQIDOOLQJDWDOOSRLQWVDORQJDVORSHRIOHQJWKLWKHWRWDOSUREDELOLW\RI
UXQRIIWKDWLVWKHUXQRIIFRHIILFLHQWLVREWDLQHGE\LQWHJUDWLRQRIHTXDWLRQRYHUDOOVKRUWHU
SDWKOHQJWKVWRJLYH
 ݌ሺܮሻ ൌ ଵ௅ ׬ 3ሺݔሻǤ ݀ݔ ൌ௅଴ 	? ሺ	 ? ൅ ܮ ܺ	 ? ሻ	?  

(TXDWLRQSURYLGHVDQH[SOLFLWUHODWLRQVKLSEHWZHHQWKHUXQRIIFRHIILFLHQWDQGVORSHOHQJWK
IRUDSDUWLFXODUVWRUPZLWKPD[LPXPUXQRIIIRUVKRUWVORSHVDQGVWHDGLO\GHFUHDVLQJDV
OHQJWKLQFUHDVHV)LJXUHVKRZVH[DPSOHVRIFXUYHVREWDLQHGIRUWKHIXOOVLPXODWLRQFORVHO\
FRQIRUPLQJWRHTXDWLRQDQG7DEOHVKRZVHVWLPDWHGYDOXHVRIWKHHVWLPDWHGVFDOH
GLVWDQFHIRUDUDQJHRIVWRUPVVKRZLQJYDULDWLRQVRYHUPRUHWKDQWZRRUGHUVRIPDJQLWXGH
WKDWYDU\PRVWVWURQJO\ZLWKVWRUPWRWDOUDLQIDOO

,IWKHVFDOHGLVWDQFHGHILQHGKHUHLVJUHDWHUWKDQWKHOHQJWKRIWKHVORSHWKHQWKHZKROH
KLOOVORSHLVFRQWULEXWLQJVLJQLILFDQWUXQRIIDQGWKHUXQRIIFRHIILFLHQWEHJLQVWRLQFUHDVH
WRZDUGVLWVDV\PSWRWLFYDOXHRI&RPSDULQJWKLVDSSURDFKZLWKWKHDQDO\VLVXVLQJ
HTXDWLRQDQGLOOXVWUDWHGLQILJXUHEDERYHWKHWKUHVKROGR0QHDUZKLFKUXQRII
DSSURDFKHVFDQEHLQWHUSUHWHGDVWKHVWRUPUDLQIDOODWZKLFKWKHVFDOHGLVWDQFH
EHFRPHVHTXDOWRWKHVORSHOHQJWKDQGWKHIDOORIILQUXQRIIEHORZWKDWDVWKHHIIHFWRI
UHGXFLQJVFDOHOHQJWKVDQGDVVRFLDWHGFRQWULEXWLQJDUHDV

(TXDWLRQVDQGFDQQRZORJLFDOO\EHFRPELQHG)ROORZLQJHTXDWLRQWKHUHOHYDQW
YDOXHVRIR0KDYHEHHQREWDLQHGIRUWKHIL[HGVORSHOHQJWKRIP)RUWKLVOHQJWKUHIHUUHG
WRKHUHDVL0ERWKHTXDWLRQVDQGVKRXOGEHYDOLGLQWKHIRUP
 ݌ ൌ ௥ோ ൌ ଵଵାቀோబ ோൗ ቁయ ൌ ଵଵା௅ ௑ൗ  
.LUNE\±'RQRWRQO\&RQQHFW  3DJH
ZLWKQRWDWLRQVDVEHIRUHH[FHSWWKDWR0 VKRXOGQRZEHVSHFLILFDOO\DVVRFLDWHGZLWKD
SDUWLFXODU³VWDQGDUG´VORSHOHQJWKL0LQWKLVFDVHWKHPVORSHOHQJWKXVHGLQPRVWRIWKH
VLPXODWLRQVUHSRUWHGKHUH&RPELQLQJWKHVHHTXDWLRQVJLYHVWKHPRUHJHQHUDOIRUP
 ݌ ൌ ଵଵା ಽಽబቀೃబೃ ቁయ 
ZKLFKFRPELQHVWKHWZRDSSURDFKHV,WIROORZVWKDWIRUDJLYHQVWRUPUDLQIDOORWKHVFDOH
GLVWDQFHRIFRQQHFWLYLW\
 ܺ ൌ ܮ଴ ቀ ோோబቁଷ 
DQGWKDWIRUDJLYHQVORSHOHQJWKLWKHDVVRFLDWHGUDLQIDOOWKUHVKROGSDUDPHWHU
 ܴ ൌ ܴ଴ ቀ௅బ௅ ቁଵȀଷ 
7KHVLPXODWLRQVSUHVHQWHGKHUHVXJJHVWWKDWIRUDVHPLDULGDUHDWKHLQILOWUDWLRQH[FHVV
RYHUODQGIORZDWDQ\SRLQWGHSHQGVRQWKHORFDOLVHGFRQYHUJHQFHRIFDWFKPHQWDUHDZLWKLQWKH
YDULDEOHVFDOHGLVWDQFHRIFRQQHFWLYLW\ZKLFKGHSHQGVRQVWRUPPDJQLWXGH)RUDOOEXWWKH
ODUJHVWHYHQWVIORZLVJHQHUDWHGSDWFKLO\ZLWKLQDFDWFKPHQWDQGWKHWKUHVKROGIRU
FDWFKPHQWZLGHIORRGVLVVHWE\HVWDEOLVKLQJFRQQHFWLYLW\EHWZHHQWKHPDMRULW\RIKLOOVORSHV
DQGWKHFKDQQHOZD\V:KHQDVWRUPLVODUJHHQRXJKIRUWKHVFDOHGLVWDQFHWRH[FHHGWKH
DYHUDJHVORSHOHQJWKWKHUHFLSURFDORIWZLFHWKHGUDLQDJHGHQVLW\PRVWKLOOVORSHVZLOO
JHQHUDWHFRQQHFWHGRYHUODQGIORZDQGPRVWFKDQQHOVZLOOWKHQEHJLQWRIORZ$VWKH
FRQQHFWHGOHQJWKLQFUHDVHVWKHRYHUODQGIORZK\GURJUDSKSHUVLVWVIRUORQJHUDIWHUUDLQIDOO
VWRSVEHFDXVHRIWKHWLPHWDNHQIRUIORZWRWUDYHOIURPWKHPRVWGLVWDQWFRQQHFWHGSRLQWV
XSVORSHWRWKHVORSHEDVH7KHFRPELQDWLRQRIJUHDWHUWRWDOUXQRIIYROXPHDQGLQFUHDVHGIORZ
GXUDWLRQWRJHWKHUSURYLGHWKHEDVLVIRUDIXOO\FRQQHFWHGFDWFKPHQWZLGHIORRG:LWKLQD
FDWFKPHQWZLWKYDULDWLRQVLQVORSHOHQJWKDQGJUDGLHQWWKHUHODWLRQVKLSVRIHTXDWLRQVDQG
VKRZWKDWUXQRIILVSUHIHUHQWLDOO\JHQHUDWHGIURPDUHDVRIKLJKGUDLQDJHGHQVLW\DQGVWHHS
VORSHVIRUH[DPSOHWKRVHIRXQGLQEDGODQGDQGJXOOLHGDUHDV
.LUNE\±'RQRWRQO\&RQQHFW  3DJH

7KLVFRQWUDVWVZLWKEHKDYLRXULQDKXPLGDUHDIRUZKLFKWKHVDWXUDWHGFRQWULEXWLQJDUHDLV
ORRVHO\UHODWHGWRWKHWRSRJUDSKLFLQGH[WKHUDWLRRIWRWDOFDWFKPHQWDUHDWRORFDOJUDGLHQW
DQGVDWXUDWLRQH[FHVVRYHUODQGIORZLVFRQFHQWUDWHGRQGRZQVWUHDPDUHDVRIORZJUDGLHQW
ZLWKWKHWKUHVKROGIRUFRQWULEXWLRQSULPDULO\VHWXSE\DQWHFHGHQWFRQGLWLRQV

6RPHDGGLWLRQDOIDFWRUVDQGFRQFOXVLRQV
(i) Slope profile form 
$OWKRXJKLWKDVEHHQVHHQDERYHWKDWWKHUXQRIIK\GURJUDSKIURPDVLPSOHVWRUPLVRQO\
VHFRQGDULO\GHSHQGHQWRQWKHSODQIRUPRIWKHVORSHDQGWKDWWKHIRUPRIWKHWRWDOLQILOWUDWLRQ
FXUYHFRQIRUPVWRDVLPSOHDOJHEUDLFIRUPZLWKRQO\RQHFKDQJLQJSDUDPHWHUDVVWRUP
GXUDWLRQJUDGLHQWDQGRYHUODQGIORZYHORFLW\DUHYDULHGQHYHUWKHOHVVLWKDVEHHQIRXQGWKDW
WKHUHLVVWURQJVHQVLWLYLW\WRWKHIRUPRIWKHVORSHSURILOH)LJXUHFRPSDUHVWKHWRWDO
LQILOWUDWLRQFXUYHVDVVWRUPGXUDWLRQLVYDULHGIRUUHVSHFWLYHO\XQLIRUPILJXUHDFRQYH[
EFRQFDYHFDQGFRQYH[RFRQFDYHGSURILOHVDOOZLWKDQDYHUDJHRYHUDOOSURILOHRI
7KHVHFXUYHVGHSDUWVRPHZKDWIURPWKHIRUPRIHTXDWLRQDERYHSHUKDSVWRZDUGV
 ݎ ൌ ܴ ൤	 ? ൅ ቀܴ଴ ܴൗ ቁ௡൨ൗ         
ZLWKWKHH[SRQHQWn O\LQJEHWZHHQDQG7KHZD\LQZKLFKWKHVHLQILOWUDWLRQFXUYHV
GHYHORSPD\EHVHHQE\FRPSDULQJILJXUHZLWKILJXUHEDERYH)RUWKHXQLIRUPVORSH
XVHGWRJHQHUDWHILJXUHEVXFFHVVLYHO\GRZQVORSHVHFWLRQVRIWKHVORSHJHQHUDWHPDUJLQDO
UXQRIIWKDWLVERWKGHOD\HGDQGDWWHQXDWHG,QILJXUHDWKHFRQYH[SURILOHVKRZVD
VLPLODUSDWWHUQZKHUHDVWKHFRQFDYHILJXUHEDQGFRQYH[RFRQFDYHILJXUHFSURILOHV
VKRZVSURJUHVVLYHGHOD\LQWKHRQVHWRIUXQRIILQWKHFRQFDYHDUHDEXWZLWKOHVVPDUNHG
DWWHQXDWLRQ7KHVLPLODULW\RIRYHUDOOUHVSRQVHEHWZHHQWKHFRQYH[DQGXQLIRUPSURILOHVLV
VHHQDVDEDODQFHEHWZHHQWKHPRUHUDSLGGHOLYHU\RIUXQRIIGRZQVORSHGXHWRWKHVWHHSHQLQJ
.LUNE\±'RQRWRQO\&RQQHFW  3DJH
JUDGLHQWZLWKDFFHOHUDWLQJRYHUODQGIORZDQGWKHLQFUHDVHGUHPRYDORIZDWHUIURP
GRZQVORSHDUHDVDIWHUUDLQIDOOFHDVHVDJDLQGXHWRWKHLQFUHDVHGJUDGLHQWDQGPRUHUDSLG
RYHUODQGIORZ,QFRQWUDVWSURILOHVZLWKDFRQFDYHEDVHVKRZVORZLQJRIRYHUODQGIORZVR
WKDWZDWHUUHPDLQVRQWKHVXUIDFHIRUORQJHUDQGLVDEOHWRFRQWLQXHLQILOWUDWLQJ7KHVH
VLPXODWLRQVVXJJHVWWKDWVORSHSURILOHIRUPKDVDJUHDWHUFRQWURORQUXQRIIG\QDPLFVWKDQ
VORSHSODQIRUPZKLFKZDVVHHQDERYHWRKDYHRQO\DVHFRQGRUGHUHIIHFW

(ii) Coarse-scale estimates of runoff 
,QRUGHUWRDSSO\WKHUHVXOWVRIWKHVHVLPXODWLRQVWRSURYLGHUXQRIIHVWLPDWHVDWFRDUVHU
WHPSRUDODQGVSDWLDOVFDOHVDQGZLWKPRUHUHDOLVWLFUDLQIDOOSURILOHVDWHQ±\HDUWLSSLQJ
EXFNHWUHFRUGRIUDLQIDOOVIRUWKH1RJDOWHFDWFKPHQWIRUZKLFKWKHLQILOWUDWLRQPHDVXUHPHQWV
ZHUHPDGHKDVEHHQXVHGZLWKLQWKHVSDWLDOPRGHODWDWHPSRUDOUHVROXWLRQRIRQHKRXU
XVLQJWKHLQLWLDOµVWDQGDUG¶SDUDPHWHUYDOXHV7KHUHVXOWVRIWKLVVLPXODWLRQDUHVKRZQLQ
ILJXUH,QDFXPXODWLYHUDLQIDOODQGFXPXODWLYHVLPXODWHGUXQRIIDUHSORWWHGIRUWKHHQWLUH
\HDUSHULRG)LJXUHDDOVRVKRZVUXQRIIVLPXODWHGXVLQJWKHVDPHSDUDPHWHUVEXW
ZLWKGDLO\WLPHVWHSV,WFDQEHVHHQWKDWWKHGDLO\WLPHVWHSJHQHUDOO\GHFUHDVHVWKHUXQRII
HVWLPDWHVDQGWKDWWKLVGLIIHUHQFHLVPRVWPDUNHGLQWKHODUJHVWREVHUYHGHYHQWV)LJXUH
EFRQILUPVWKLVJHQHUDOLVDWLRQVKRZLQJJUHDWHUGHWDLOIRUDVLQJOHPDMRUVWRUPSHULRG
6HSW2FW)LJXUHFSORWVLQGLYLGXDOGDLO\UDLQIDOOVDJDLQVWWKHVLPXODWHGGDLO\
UXQRIIVXPPHGIURPKRXUO\WLPHVWHSVIRUHDFKKRXUSHULRG,WPD\EHVHHQWKDWWKHUHLVD
JHQHUDOSRVLWLYHUHODWLRQVKLSZLWKVRPHSUHGLFWLYHSRWHQWLDO,WVKRXOGEHQRWHGWKDWLQWKLV
ORJORJSORWPDQ\RIWKHUXQRIIYDOXHVDUHYHU\VPDOO3UHGLFWLYHSRZHULVWKHUHIRUHPRVW
YDOXDEOHIRUWKHODUJHUHYHQWV

.LUNE\±'RQRWRQO\&RQQHFW  3DJH
$OWHUQDWLYHVWRWKHXVHRILQGLYLGXDOGDLO\UDLQWRWDOVZHUHFRQVLGHUHGLQWKLVDQDO\VLV,Q
SDUWLFXODUH[SRQHQWLDOO\ZHLJKWHGVXPVRIVXFFHVVLYHUDLQIDOOVZHUHWULHGZLWKDUDQJHRI
WLPHGHFD\FRQVWDQWVIRUERWKKRXUO\DQGGDLO\WLPHVWHSV7KHVHPHDVXUHVWKDWJLYHVRPH
ZHLJKWWRDQWHFHGHQWFRQGLWLRQVZHUH+RZHYHURQO\PDUJLQDOO\EHWWHUDVSUHGLFWRUVRI
UXQRII,WLVSRVVLEOHWKDWIRUDOHVVDULGDUHDVXFKPHDVXUHVPLJKWEHPRUHDGYDQWDJHRXV

,QILJXUHFDQDGGLWLRQDOFXUYHKDVEHHQGUDZQIROORZLQJWKHIRUPRIHTXDWLRQDERYH
H[SUHVVHGLQWKHDSSURSULDWHIRUPIRUWRWDOVWRUPUXQRIIDQGLGHQWLI\LQJVWRUPWRWDOUXQRII
ZLWKGDLO\UDLQIDOOWRWDOV&XUYHVKDYHEHHQGUDZQIRUDUDLQIDOOWKUHVKROGRI5 PP
7KHFULWHULDXVHGWRILWWKHVHYDOXHVZHUHILUVWWRILWWKHJHQHUDOIRUPVKRZQLQILJXUHF
SDUWLFXODUO\IRUWKHODUJHUHYHQWVDQGVHFRQGWRSURYLGHDFRUUHFWHVWLPDWHRIWKHWRWDO
VLPXODWHGUXQRIIXVLQJWKHGDLO\VXPDJJUHJDWHGIURPKRXUO\WLPHVWHSVRYHUWKHWHQ\HDU
SHULRG9DOXHVIURPWKHVHHVWLPDWHVEDVHGRQGDLO\UDLQIDOOXVLQJ(TXDWLRQDUHDOVR
VKRZQLQILJXUHVDDQGE


(iii) Further dynamic interactions 
,QWKHDERYHVLPXODWLRQVWKHVRLOVXUIDFHDQGLWVLQILOWUDWLRQSDUDPHWHUVKDYHEHHQKHOG
FRQVWDQWGXULQJWKHFRXUVHRIWKHVLPXODWLRQV,WLVUHFRJQLVHGWKDWWKHUHDUHVLJQLILFDQW
FKDQJHVRYHUWLPHERWKZLWKLQVWRUPVDQGRYHUORQJHUSHULRGV7KHPRVWUDSLGRIWKHVH
FKDQJHVLVWKHHYROXWLRQRIFUXVWLQJRQDQXQSURWHFWHGVXUIDFHZKLFKJUHDWO\UHGXFHV
LQILOWUDWLRQUDWHVIURPWKRVHRQIRUH[DPSOHDIUHVKO\WLOOHGVXUIDFH$VHFRQGVHULHVRI
FKDQJHVRFFXUVDVVHGLPHQWLVVHOHFWLYHO\UHPRYHGIURPWKHVXUIDFHE\ZDWHUHURVLRQ)LJXUH
VKRZVWKHUHVXOWVRIDVLPXODWLRQRQDQLQLWLDOO\VPRRWKLVKVXUIDFHWKURXJKDVHULHVRIWHQ
LGHQWLFDOODUJHVWRUPVHDFKRIPPRYHUPLQXWHV,QWKHVLPXODWLRQWKHVXUIDFH
.LUNE\±'RQRWRQO\&RQQHFW  3DJH
WRSRJUDSK\KDVEHHQDGMXVWHGWRDFFRXQWIRUVHGLPHQWWUDQVSRUWDIWHUHDFKWLPHVWHSDQGWKH
WLPHVWHSVYDULHGG\QDPLFDOO\WRPDLQWDLQFRPSXWDWLRQDOVWDELOLW\DVKRZVWKH
GHYHORSPHQWRIGLVWLQFWULOOOLNHFKDQQHOVZKLFKPRGLI\WKHLQLWLDOVXUIDFHVLPLODUWRWKDW
VKRZQLQILJXUHDDQGG)LJXUHEVKRZVWKHUXQRIIDQGVHGLPHQWUHVSRQVHLQWKH
ILUVWILYHRIWKHVHVWRUPV,WFDQEHVHHQWKDWLQDFFRUGDQFHZLWKUHVXOWVUHSRUWHGDERYHWKH
FKDQJHVLQSODQIRUPPDNHRQO\PLQRUFKDQJHVLQWKHDPRXQWRIUXQRIIDOWKRXJKWKH
LPSURYLQJQHWZRUNVWUXFWXUHDOORZVUXQRIIWRSHDNHDUOLHULQHDFKHYHQW+RZHYHUVHGLPHQW
WUDQVSRUWLQFUHDVHVJUHDWO\DVGUDLQDJHQHWZRUNHYROYHVHYHQWXDOO\OHYHOOLQJRIILQWKLV
H[DPSOHDVLPSURYHGFRQQHFWLYLW\LVFRPSHQVDWHGE\WKHGHFUHDVLQJJUDGLHQWDWULOORXWOHWV
DQGWKLVLVDUHVXOWRIWKHIL[HGEDVDOERXQGDU\FRQGLWLRQXVHGKHUH7KHVHHURVLRQDO
G\QDPLFVHYROYHERWKZLWKLQDVLQJOHVWRUPDQGRYHUDVHULHVRIVWRUPVDQGPD\LQSUDFWLFH
EHSDUWO\FRXQWHUHGE\WLOODJHRSHUDWLRQVDQGQDWXUDOSURFHVVHVHJ6FKXPPWKDW
GHVWUR\ULOOVEHWZHHQVWRUPHYHQWV

$PRUHVXEWOHG\QDPLFSURFHVVDQGRQHWKDWKDVQRWEHHQLQYHVWLJDWHGPD\DFFRPSDQ\
FUXVWLQJDQGHURVLRQWKURXJKWKHHYROXWLRQRIVSDWLDOVWUXFWXUDOSDWWHUQVIRULQILOWUDWLRQ
SDUDPHWHUV&UXVWLQJSURYLGHVDPHFKDQLVPIRUUHGXFLQJLQWHUULOOLQILOWUDWLRQDQGVHOHFWLYH
WUDQVSRUWDWLRQRIPDWHULDOPD\OHDGWRLQFUHDVHVLQLQILOWUDWLRQUDWHGRZQVWUHDPDORQJULOO
SDWKZD\V$QRWKHULPSRUWDQWSURFHVVLVYHJHWDWLRQFKDQJH*URZWKIROORZVVHDVRQDOF\FOHV
DQGUHVSRQGVWRWKHDYDLODELOLW\RIVRLOPRLVWXUHWKURXJKDVHULHVRIUDLQIDOOHYHQWVDVZHOODV
LQWHUDFWLQJZLWKFXOWLYDWLRQILUHDQGJUD]LQJ

(iv) Provisional conclusions 
,WLVUHFRJQLVHGWKDWWKHVLPXODWLRQVSUHVHQWHGKHUHH[SORUHRQO\RQHDVSHFWRIWKHLQWHUDFWLRQV
EHWZHHQUDLQIDOOUXQRIIDQGFRQVHTXHQWHURVLRQ,WLVQRWJHQHUDOO\SUDFWLFDEOHWRPDNH
.LUNE\±'RQRWRQO\&RQQHFW  3DJH
PHDVXUHPHQWVRQWKHVFDOHVVLPXODWHGKHUHVRWKDWWKHVLPXODWLRQVSURYLGHDPHWKRGWR
H[SORUHVRPHRIWKHRIWHQFRPSOH[DQGFRQWUDGLFWRU\UHODWLRQVKLSVEHWZHHQUDLQIDOODQG
UXQRII,QSDUWLFXODUVLPXODWLRQSURYLGHVDZD\RIXQGHUVWDQGLQJKRZWKHHIIHFWVRIJUDGLHQW
URXJKQHVVLQILOWUDWLRQFDSDFLW\DQGWRSRJUDSK\LQSODQDQGSURILOHDUHH[SUHVVHGLQWKH
UDLQIDOOUXQRIIUHODWLRQVKLSDWDVFDOHWKDWFDQEHLQFRUSRUDWHGLQWRDFDWFKPHQWPRGHO

,WKDVEHHQVKRZQDERYHWKDWIURPWKHUHDVRQDEOHDVVXPSWLRQVPDGHLWLVSRVVLEOHWR
JHQHUDWHDSORWVFDOHUDLQIDOOUXQRIIUHODWLRQVKLSHTXDWLRQWKDWKDVDVLPSOHVWUXFWXUH
SDUDPHWHUVWKDWFDQEHHVWLPDWHGIURPDPHWUHVFDOHVLPXODWLRQVXFKDVWKDWLOOXVWUDWHGKHUH
EHKDYHVUHDOLVWLFDOO\XQGHUH[WUHPHFRQGLWLRQVDQGPD\RXWSHUIRUPDOWHUQDWLYHVLPSOHUXQRII
HVWLPDWRUV

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




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